Abstract. Although self-assembled quantum dots are grown on wetting layers, most simulations exclude the wetting layer. The neglected effects on the electronic structure of a pyramidal InAs quantum dot embedded in a GaAs matrix are investigated based on the effective one electronic band Hamiltonian, the energy and position dependent electron effective mass approximation, and a finite height hard-wall 3D confinement potential. By comparing quantum dots with wetting layers and a dot without a wetting layer, we find that the presence of a wetting layer may effect the electronic structure essentially.
Introduction
Semiconductor nanostructures have attracted tremendous attention in the past few years because of their unique physical properties and their potential for applications in micro-and optoelectronic devices. In such nanostructures, the free carriers are confined to a small region of space by potential barriers, and if the size of this region is less than the electron wavelength, the electronic states become quantized at discrete energy levels. The ultimate limit of low dimensional structures is the quantum dot, in which the carriers are confined in all three directions.
Quantum dots can be produced today by the Stranski-Krastanov process which uses the relief of the elastic energy when two materials with a large lattice mismatch form an epitaxial structure. The deposited layer initially grows as a thin two dimensional (2D) wetting layer. As the deposited layer exceeds a critical thickness, the growth mode switches from 2D to 3D leading to the formation of a self-assembled quantum dot on top of the wetting layer.
Most simulations neglect the effect of wetting layers on the electronic structure of self-assembled quantum dots (cf. [5, 6, 8, 9, 10, 11, 19, 20] and the literature given therein). In this paper we report on numerical simulations investigating the effect of a wetting layer on the electronic structure of a pyramidal InAs quantum dot embedded in a GaAs matrix. We consider the one-band envelope-function formalism for electrons and holes assuming non-parabolicity for the electron's dispersion relation and an electron effective mass depending on the position and the energy level. Then the discretization of the Schrödinger equation results in a sparse eigenvalue problem depending nonlinearly on the eigenparameter. Similar experiments are contained in [12, 13, 14, 15] where the authors assumed an axially symmetric quantum dot and an electron effective mass which does not depend on the energy level. These assumptions lead to linear eigenvalue problems of much smaller dimension.
Our paper is organized as follows. In Section 2 we state the rational eigenvalue problem which models the electronic behavior of a quantum dot (possibly including a wetting layer) assuming a position and energy dependent quasiparticle effective mass approximation. Discretization by a Galerkin method yields a sparse rational matrix eigenvalue problem which allows a minmax characterization of its eigenvalues. Section 3 describes the iterative projection methods introduced already in [20] , and discusses the solution of the projected rational eigenproblems by safeguarded iteration. Numerical results are given in Section 4 demonstrating that the effect of the wetting layer on the electronic structure of a quantum dot is essential.
Position Dependent Effective Mass Model
We consider the problem to compute relevant energy states and corresponding wave functions of a three dimensional semiconductor quantum dot with or without a wetting layer. Let Ω q ⊂ R 3 be a domain occupied by the quantum dot with the possible inclusion of a wetting layer, which is embedded in a bounded matrix Ω m of different material. A typical example is an InAs pyramidal quantum dot grown on a wetting layer, which is embedded in a cuboid GaAs matrix (cf. Fig. 1) .
We consider the one-band envelope-function formalism for electrons and holes in which the effective Hamiltonian is given bŷ
where is the reduced Planck constant, and ∇ denotes the spatial gradient. Assuming non-parabolicity for the electron's dispersion relation, the electron effective mass m(λ, x) is constant on Ω q and on the matrix Ω m for every fixed energy level λ, and is taken as [1, 3] 
for j ∈ {m, q}, where the confinement potential V j := V | Ωj is piecewise constant, and P j , E g,j and Δ j are the momentum matrix element, the band gap, and the spin-orbit splitting in the valence band for the quantum dot material (j = q) and the matrix (j = m), respectively. To determine the relevant energy states and corresponding wave functions ψ we have to solve the governing Schrödinger equation
